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Abstract. MicroRNA-1470 (miR-1470) is overexpressed 
in esophageal squamous cell carcinoma (ESCC); however, 
its role and underlying molecular mechanism remain 
unknown. The aim of the present study was to explore the 
tumorigenic role and mechanism of miR-1470 overexpres-
sion in ESCC. The expression of miR-1470 in ESCC tissues 
and cell lines was detected using human miRNA microar-
rays and the reverse transcription-quantitative polymerase 
chain reaction, respectively. The effects of miR-1470 on cell 
proliferation, migration and senescence were determined 
using a Cell Counting Kit-8 assay, Transwell migration assay 
and β-galactosidase staining kit. Western blotting was used 
to analyze the expression levels of genes in the apoptosis 
signaling pathway. An increased expression level of miR-1470 
was observed in ESCC tissues compared with that in para-
cancerous tissues. Knockdown of miR-1470 significantly 
suppressed proliferation, and down-regulated the cell cycle 
regulatory gene cyclin E1. It was also revealed that knock-
down of miR-1470 significantly inhibited migration, and 
decreased the expression levels of matrix metalloproteinase 2 
(MMP2), MMP13 and MMP14. Western blotting analysis 
revealed that knockdown of miR-1470 induced apoptosis by 
increasing B-cell lymphoma 2 (Bcl-2) expression. The results 
of the present study suggest that overexpression of miR-1470 
in ESCC promotes cancer cell proliferation by accelerating 
the cell cycle and inhibiting apoptosis, and also enhances 
cancer cell migration by upregulating MMPs.

Introduction

Esophageal squamous cell carcinoma (ESCC) is one of the most 
common malignant diseases globally, particularly in China, 
where it is the fourth most common cause of cancer-associated 
mortality (1-3). Currently, there are limited clinical approaches 
towards the early diagnosis and treatment of ESCC, resulting 
in a 10% 5-year survival rate for patients (4). Thus, clarification 
of the molecular mechanisms underlying the pathogenesis of 
ESCC and development of therapeutic strategies are urgently 
required.

MicroRNAs (miRNAs) are small non-coding RNAs 
(between 18 and 22 nucleotides in length), which serve a role 
in gene expression regulation primarily by repressing transla-
tion (5,6). Prior evidence supports the notion that miRNAs 
modulate proliferation, apoptosis, metastasis and metabolism 
of cancer (6,7). Numerous miRNAs are involved in esopha-
geal tumorigenesis (8,9). However, the role of miRNA-1470 
(miR-1470) in esophageal cancer progression remains 
undefined.

Bcl-2 is an apoptosis inhibitor (10). When Bcl-2 is 
suppressed, tumor cells undergo apoptosis and cease prolifera-
tion (11). Various moderators of apoptosis exert their effects 
through the caspase enzyme system. Among them, caspase-3 
has been demonstrated to be the most markedly associated 
with apoptosis (12,13). Furthermore, decreased caspase-3 
expression has been observed in several human malignancies 
including oral squamous cell carcinoma, non-small cell lung 
carcinoma, breast cancer, gastric cancer, and ESCC (14-17). 
Overexpressions of Bcl-2 and other apoptotic inhibitors serve 
the roles in therapeutic resistance of ESCC (18,19). Whereas 
decreased Bcl-2 expression promotes apoptotic responses 
to anticancer drugs, increased expression of Bcl-2 leads to 
resistance to chemotherapeutic drugs and radiation therapy. 
The inhibition of cell apoptosis is associated with the onset 
and development of cancer, as well as its sensitivity to 
chemotherapy (19-21).

In the present study, it was demonstrated that miR-1470 
was upregulated in ESCC tissues, and knockdown of miR-1470 
significantly inhibited proliferation and migration, and 
promoted senescence, of ESCC cells. Furthermore, knock-
down of miR-1470 exhibited apoptosis-promoting activity, 
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including downregulation of the anti-apoptotic protein Bcl-2 
and upregulation of the pro-apoptotic Bcl-2-associated X 
protein (BAX). Taken together, the results of the present study 
suggest that miR-1470 affects cancer progression via the regu-
lation of Bcl-2 expression and may be a promising therapeutic 
target for the treatment of ESCC.

Materials and methods

Cell culture and transfection. The ESCC cell lines including 
KYSE30, KYSE180, KYSE450, KYSE150 and KYSE510, 
provided by Dr Yutaka Shimada (Kyoto University, Kyoto, 
Japan), were cultured in RPMI-1640 medium (Invitrogen; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA) with 
10% fetal bovine serum (FBS; Hyclone; GE Healthcare Life 
Sciences, Logan, UT, USA). All cells were maintained at 
37˚C with 5% CO2. Homo sapiens (hsa)-miR-1470 inhibitor 
was designed and provided by Shanghai GenePharma, Co., 
Ltd. (Shanghai, China). Transfection was performed using 
Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc. Carlsbad, USA), according to the manufacturer's 
protocol. Transfected cells were incubated at 37˚C with 5% 
CO2 for 48 h.

The sequence of the miR-1470 inhibitor was 5'-CGG GGU 
GCA CGG GCG GAG GGC-3'; the sequence of the negative 
control was 5'-CAG UAC UUU UGU GUA GUA CAA-3'.

Cell proliferation assay. Cells were seeded in 96-well 
flat‑bottomed plates, with each well containing 2x103 cells in 
100 µl cell suspension. After incubation for 24, 48, 7 h and 
9 6 h, cell viability was determined using the Cell Counting 
Kit-8 assay (CCK-8; Dojindo Molecular Technologies, Inc., 
Kumamoto, Japan), according to the manufacturer's protocol 
using a microplate read at 450 nm. Each experiment, with 6 
replicates, was repeated in triplicate.

Cell migration assay. Cells (5x105 cells in serum-free 
RPMI-1640 medium) were seeded in the upper chamber. 
The wells in the lower chamber were filled with RPMI‑1640 
medium containing 20% FBS, and incubated at 37˚C for 36 h. 
Cells on the upper membrane surface were wiped off using a 
cotton swab, and the lower membrane surface was fixed with 
methanol and stained with 0.1% crystal violet. Each experi-
ment was repeated in triplicate.

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR) assay. RT-qPCR was performed using the 
Premix Ex Taq kit (Takara Biotechnology Co., Ltd., Dalian, 
China) and a 7300 Real-Time PCR system (Thermo Fisher 
Scientific, Inc.), according to the manufacturer's protocol. 
The mRNA expression levels of genes of interest were 
normalized to the endogenous expression level of GAPDH. 
The following primer pairs were used for the PCR assay: 
Cyclin E1 (CCNE1) forward, 5'-TGA CCT AAG GGA CTC 
CCA CAA-3'; CCNE1 reverse, 5'-TGA TAA TGT GGA 
GAG GGC AGC-3'; matrix metalloproteinase 2 (MMP2) 
forward, 5'-GTG ATG GTT CCC CTG TTC ACT-3', MMP2 
reverse, 5'-CAT GGG GAA TGG TTG AAG GGA-3'; MMP13 
forward, 5'-TCC CTT GAG ATA TGG AAG GAT GC-3'; 
MMP13 reverse, 5'-TAG TTC TTC CCT TGA TGG CCG-3'; 

MMP14 forward, 5'-TGG ATG CGA GTA CCC CAA GA-3', 
MMP14 reverse, 5'-GTA GCC CGG TTC TAC CTT CAG-3'. 
A Hairpin-it™ miR-1470 RT-qPCR Primer Set (Shanghai 
GenePharma, Co., Ltd.) was used for the measurement of 
the relative quantity of hsa-miR-1470. The expression level 
of miR-1470 was normalized to the endogenous expression 
of U6.

Western blotting. Cells from each group were detached with 
trypsin, centrifuged at 1,000 x g for 5 min at 4˚C and washed 
twice with pre-chilled PBS. Radioimmunoprecipitation 
Assay buffer (Beyotime Institute of Biotechnology, Haimen, 
China) was subsequently added to lyse cells and cells were 
incubated on ice for protein extraction. Protein concentration 
was determined using the Bicinchoninic Acid Protein Assay 
kit (Beyotime Institute of Biotechnology). Equal amounts 
(10 µg per lane) of proteins were separated by SDS-PAGE 
(12% gel) and transferred onto a polyvinylidene difluoride 
membrane (Merck KGaA, Darmstadt, Germany). The 
membrane was soaked in 10% skimmed milk (in PBS, pH 7.2, 
containing 0.1% Tween‑20) for 2 h at 4˚C and incubated with 
an appropriate amount of primary antibody [working dilu-
tions of antibodies: Bcl-2, 1:1,000, cat. no. 10783-1-AP; BAX, 
1:1,000, cat. no. 23931-1-AP (both Proteintech Group, Inc., 
Chicago, IL, USA) pro-caspase-3, 1:1,000, cat. no. sc-7148; 
pro-caspase-12, 1:1,000, cat. no. sc-5627; β-actin, 1:400, 
cat. no. sc-47778), (Santa Cruz Biotechnology, Inc., Dallas, 
TX, USA; Proteintech Group, Inc., Chicago, IL, USA)] at 
4˚C overnight. Detection was performed using horseradish 

Figure 1. Upregulation of miR-1470 in ESCC tissues. (A) miR-1470 was 
upregulated in ESCC tissues when compared with normal tissues using 
microarray analysis. (B) The expression level of miR-1470 in KYSE30, 
KYSE180, KYSE450, KYSE150 and KYSE510 cells was detected using 
reverse transcription-quantitative polymerase chain reaction analysis. 
miR-1470 expression was normalized against an endogenous control U6. 
ESCC, esophageal squamous cell carcinoma; miR-1470, micro RNA-1470.
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peroxidase-conjugated secondary antibodies (anti-mouse 
IgG, 1:10,000; cat. no. 474-1806 or anti-rabbit IgG, 1:10,000; 
cat. no. 5450-0010) for 2 h at room temperature (KPL, Inc., 
Gaithersburg, MD, USA) and Immobilon™ Western chemilu-
minescent HRP substrate kit (EMD Millipore, Billerica, MA, 
USA). Densitometry analysis was performed using ImageJ 
1.46 software (National Institutes of Health, Bethesda, MD, 
USA).

Assessment of senescence. To assess senescence, β-galactosidase 
activity was measured using a Senescence β-Galactosidase 
Staining kit (Cell Signaling Technology, Inc., Danvers, MA, USA) 
and performed according to the manufacturer's protocol. Briefly, 
negative control (NC)-or miRNA-1470 inhibitor-transfected 
cells were washed twice with 1X PBS, fixed in 1X fixation buffer 
for 5 min, washed three times with 1X PBS and incubated with 
the staining mixture overnight at 37˚C. β-galactosidase-positive 
cells were visualized as blue cells when examined using a light 
microscope (magnification, x400). For NC‑ and miRNA‑1470 
inhibitor-transfected cells, a total of 100 cells were counted from 

different fields of the plate, and the percentage of blue cells was 
calculated.

Statistical analysis. All results were confirmed in at least 
three independent experiments, and data from one represen-
tative experiment are presented. Student's t-test was used to 
compare the means of experimental groups. All quantitative 
data are presented as the mean ± standard deviation. The 
analysis was performed using GraphPad Prism (version 5.01; 
GraphPad Software, La Jolla, CA, USA). For all comparisons, 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

ESCC tissues overexpress miR‑1470. In the present study, it was 
revealed that the expression level of miR-1470 was increased 
in ESCC tissues compared with their adjacent non-malignant 
tissues using Agilent Human miRNA Microarrays (Fig. 1A). 
The expression of miR-1470 was further evaluated in 5 

Figure 2. Downregulation of miR-1470 suppresses the proliferation and expression of cell cycle protein CCNE1 in KYSE150 and KYSE510 cells. (A) Level of 
miR-1470 in KYSE150 and KYSE510 cells with miR-1470 inhibitor and a negative control were detected using reverse transcription-quantitative polymerase 
chain reaction analysis. miR-1470 expression was normalized against an endogenous control U6. Cell proliferation was analyzed in miR-1470-knockdown 
and negative control (B) KYSE150 and (C) KYSE510 cells. (D) CCNE1 mRNA level in KYSE150 and KYSE510 cells following treatment with an miR-1470 
inhibitor. *P<0.05, **P<0.01, ***P<0.001.
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ESCC cell lines (KYSE30, KYSE180, KYSE450, KYSE150 
and KYSE510) using RT-qPCR. The results revealed that 
KYSE150 and KYSE510 exhibited increased expression levels 
compared with other cell lines (Fig. 1B).

Knockdown of miR‑1470 suppresses proliferation of ESCC 
cells by regulating cell cycle regulatory protein. To explore 
the role of miR-1470 in esophageal carcinogenesis, the cell 
viability was evaluated using a CCK-8 assay. Knockdown of 
miR‑1470 using the inhibitor significantly inhibited prolifera-
tion of KYSE150 and KYSE510 cells (Fig. 2A-C). The mRNA 
level of the cell cycle regulatory gene CCNE1 in miR-1470 
inhibitor-transfected cells were significantly decreased 
(Fig. 2D). These observations indicate that miR-1470 may 
promote cell proliferation via up-regulating CCNE1 in ESCC.

Knockdown of miR‑1470 inhibits the migration of ESCC cells 
by decreasing the expression of MMPs. Using a Transwell 
assay, it was identified that knockdown of miR‑1470 led to a 
decrease in the number of migratory KYSE150 and KYSE510 
cells (Fig. 3A). Quantification and statistical analysis of the 
decrease in migratory cell numbers revealed that the differ-
ence was statistically significant (Fig. 3B). MMPs, a family of 
zinc-binding proteins, have been demonstrated to serve a role 
in tumor cell metastasis owing to their ability to degrade the 

extracellular matrix. Using RT-qPCR, we found that knock-
down of miR-1470 significantly decreased the expression 
levels of MMP2, MMP13 and MMP14. Taken together, these 
data suggest that down-regulated miR-1470 may suppress the 
migration of ESCC cells via inhibition of MMPs.

Suppression of miR‑1470 induces senescence and activates 
apoptosis pathway in ESCC cells. To investigate the effect 
of miR-1470 on cell senescence, morphological evaluation 
of KYSE150 and KYSE510 cells was performed following 
knockdown of miR-1470 expression. The results revealed 
an elongated phenotype resembling cellular senescence 
(Fig. 4A and B). As presented in Fig. 4C and D, compared 
with the control group, knockdown of miR-1470 markedly 
decreased anti-apoptotic protein Bcl-2, pro-caspase-12, 
pro-caspase-3 and increased pro-apoptotic protein BAX. 
These results suggest that suppression of miR-1470 may induce 
cell apoptosis.

Discussion

Previous studies have demonstrated that miRNAs are 
frequently dysregulated in numerous types of human 
cancer. As the roles of miRNAs in cancer are gradually 
investigated, their potential as a therapeutic target has 

Figure 3. miR-1470 inhibits the migration of ESCC cells. (A) Migration of cells was analyzed. Representative images of the cells which had travelled through 
the micropore membrane. (B) Quantification of the number of migratory cells. ***P<0.001. (C) The mRNA expression levels of MMP2, MMP13 and MMP14 
were detected using the reverse transcription‑quantitative polymerase chain reaction. All three MMPs examined revealed significantly different expression 
levels in cells transfected with miR-1470 inhibitor when compared with those transfected with NC. ***P<0.001.
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generated interest with regard to the development of novel 
strategies for treating cancer (22-24). Previous studies have 
characterized the miRNA expression profiles associated 
with distinct stages of ESCC, and dysregulation of miRNAs 
has been demonstrated to serve a role in esophageal carci-
nogenesis (25-28). miR-375 inhibits tumor growth and 
metastasis in ESCC through the suppression of insulin-like 
growth factor 1 receptor (27). Cui et al (29) demonstrated 
that targeting oncogenic phospholipase Cε1 using miR-145 
impaired tumor proliferation and metastasis of ESCC. 
Although Nie et al (30) demonstrated that miR-1470 medi-
ated lapatinib-induced p27 up-regulation by targeting 
c-jun, the expression status, role and underlying molecular 
oncogenic mechanism of miR-1470 in esophageal cancer 
progression remain to be established.

miR-1470 is located at 19p13.12. In the present study, 
upregulation of miR-1470 in ESCC tissues was revealed using 
microarray. Functional experiments further revealed that 
downregulation of miR‑1470 significantly inhibited the prolif-
eration of ESCC cells, and also decreased the level of the cell 
cycle regulatory gene CCNE1. To the best of our knowledge, 
prior to the present study there has been no reported associa-
tion between miR-1470 and CCNE1. The results of the present 
study indicate that miR-1470 positively regulated CCNE1. The 
results suggest that upregulation of miR-1470 expression in 
ESCC promoted cell proliferation by accelerating cell cycle 
transition.

Metastasis is the primary cause of mortality in patients with 
ESCC. It was identified that downregulated miR‑1470 expres-
sion inhibited the migration of ESCC cells in vitro. MMPs are 
proteolytic enzymes that serve a role in the transformation and 
progression of tumors at all stages, particularly during invasion 
and metastasis (31,32). In the present study, downregulation of 
miR‑1470 significantly suppressed the expressions of MMP2, 
MMP13 and MMP14. The results suggested that overexpres-
sion of miR-1470 in ESCC promoted the migration of tumor 
cells via increasing the expression levels of MMPs.

Senescence generally contributes to the elimination of 
damaged cells by phagocytic cells, and to the subsequent 
promotion of tissue remodeling, in a similar manner to 
apoptosis (33). In the present study, knockdown of miR-1470 
significantly induced cell senescence and activated the apop-
totic signaling pathway.

In conclusion, it was demonstrated that downregulation of 
miR‑1470 significantly inhibited ESCC cell proliferation and 
migration. The identification of miR‑1470 provides insight 
into the pathogenesis of ESCC, and may represent a potential 
therapeutic target for the treatment of ESCC.
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